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SONE LASER TECHNIQUES FOR CHEflICALDETECTION

Robert K. Sander and M, 1, Buchwald

University of California
Los Alamos Scientific Laboratory

1’.0. BOX 1663
Los Alamos, New Mexico 87545

ABSTRACT

Spectroscopy provides a fast sensitive met.hodfor chemical,analysis.

Lasers are high intensity narrow bal~dwidt.h,collimated light sources in

the infrared, visible, and ultraviolet spectral regions. Wavelength

Lunab]e lasers can be usrd for spectroscopic chemical idcnLificaLion by

mrans of techniques surh as opLo-acoustic spectroscopy, therms; ]cnsing,

and fluorescenrr excitation. These mrthads all share the useful char-

artrristir that Lh(’irdetrction sensitivity to small quantiLies of chcm-

icn]s inl]lrovt’sWith highl~~las(,rinLf,[lsity.Wr have d(Iv(Jlopetlapparutusrs

to US(’‘

IIItidd

Lhcrm,l



R. K. Sander and M. 1. Buchwald

University of California
Los Alamos Scientific Laboratory

P. O. BOX 1663
Los Alamos, New Mexico 87545

Light absorption methods for chemical detection have been used foi

many years since they off~r some real advantages Gver other methods.

CJpticalabsorption can bc used as a probe for chemicals at a distance

from the detector, thds preventing exposure of the operator to toxic or

haz.lrdousmaterials. ThLIadvenL of laser light sources enhances t-l~t’

utiJiLy c~ftrallitionalabsorption tcchniqurs. Thu~, the beum-likr

naturt’of laser light provides r’!moLedetection at much largrr dist~:lt’rs;

tht’high irttrnsityprnv!dcs grratcr sensitivity for real LIIW detecLion,

and ~t)rIlarrowlinwidths and t[lllill~ilityprovide s~’lrrtivityazldspr(-ifi-

rity in identifying tilt’toxic chemical illa com]~lexeuvirf-Im(’rltdlSilm]J1l’.

In trudi~ional al)st~r])t.iolls]lertrustopyll~ht is pass(’dtl’r(ll)pl]iI

Sfim])lt’:111{!thr r;ltioof 1ight inlvn.silytrunsmitlrd L(1liKht inlc[lslty

illcid(’1]10,1LIIimsiImIIlv, 1/10, is mctisurrd. Ikrr’s l:iwis usr(l10 lt’lillu

this mr;islirtmwlltto thr ({llilrlti[yof i+l}s(~rl~ill~m;ltrriiilprl’:i[’nlin tl)(’

Kilclplr.lnrrr.isillK till’illtrll~ity01 thr illridrnt1iRlltdots not nl l?Iil

tllib t-;it 10 nnr (l(If ’!i it ajI~IrI*(’INl)lvult[’(-tlhr n(’(’uIiI(’y (Ii lhf I mr;):;urv-

mt’111it ltIr~lm(Iulll01”li}:ll!:111:.(lrt)~’(1is SmlIl 1 . ‘1’11(’ lf’,l!. iIll i:: tll,lt (IIIfI

is nwilsulIII): ltIf. f’fft’( I 01 il :illl.1 1 I Illlllll)tm? of 111,11 (’( 1111’~. (Ill .1 1:11’gl’ illll(,lllll

of ] i~lll.Ill(itIyill}:I(I(III:lIII”V(S:;III,II1 1II:III}!I’:l111;Ilill’~.t’(III;III1ityl

Fol”tlllliltI-l~, J }:1”011]1 of I(!(lll)l(llllt:; wt)i(ll illf. ( ()] 1(.(.[ lv(.l\~ tl,tllll.(1

,’ Il:lv(” 1}1’(”11 Ilf’b’l ’llljwl! (J\’(’l tilt’1!1::[(“t’111111’y (11 :,~1rx~itnlli~l)~1,(.(lttt!i~til~j
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include fluorescence spectroscopy
i,2 3

and the opto-acoustic effect.

Their common characteristic is that they follow the effects of ‘he light

absorbed rather than the light transmitted. Fluorescence spectroscopy,

for instance, measures the light evitted from the somple at a different

wavelength following absorption. For a small sample there may be very

little fluorescent light emitted, but the amount of fluorescence is pro-

portional to the incident light intensity. Thus, the sensitivity of

thic method for trace chemical detection is greatly enhau(ec’by the use

of powerful llsers. The emittrd light may be distinguished from the

incident light by its different wavelength and by the difference in

propagation direction, L~ser-induce$ fluorescence has been used to

detect compounds in the part-p~r-trillion range.l

In the opto-acoustic efiect iimicrophone is used to dcf.eria prrs-

sure pulse follok’ingdeposition of the absorbrd liRht energy in the

sample, This mrthod sharez

having a detection scnsitiv,

intensity. TtIrupto-areust

in t!~rsub-pnrt-per-bi lliorr

with fluorescence the sdincrhuracteristic of

ty that improvrs with incre~sing lasrr ligll[

c cffrct has been used trIdetect compollnds

4
range.
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possible to measure the set of wavelengths emitted from the sample for a

fixed excitation waveleng~h and thus obtain a two dimensio~al pattern

for even better identific~tion.

Since the requirement for a wavelength tunable laser light source

is so important, Fig. 1 shows the range of various laser tuning tech-

niques. Most methods begin with powerful, efficient driver lasers showri

on the bottom of the figure. The driver lasers often are limited in

tuning range, but these driver outputs can be shifted to new wavelengths

by means of the techniques shown in the upper part of the figure.

Somrtimcs tileshift is fixed as in Raman silifLing;5scm,rtimcsthe slliii

is con’inuously tunable

lators.
7

These m<thods

6
as in dye lasers or optical parametric oscil-

covcr the ultraviolet, visible, and infrarrd
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intensity is greatly increased if the modulation frequency corresponds

to a resonant mode of the duct. Slots allow fresh air sample to flow

through the device for a quick response to contamination. while similar

devices already exist, it would be useful if opto-acoustic detection

could be used for remote monitoring, and more specifically, as single-

ended remote monitoring devices where both the detector and the laser

are in the same place. Such a concept is depicted in Fig. 5. Using a

3011-wattC02 laser and a cloud of Freon 12, we have generated sound

intensities of over 100 decibels.

When the modulated C02 laser is absorbed in a gas sample, both

acoustic pressure waves and transient temperature increases are produced,

We have discussed the detection of the presstirrpuises; the temperature

increase ~roduces a decrease in the refractive index of the air. This

effect has been usrd as a chemical deLection Lcchn

thermal lenslng specLro~ropy. ]n our modiflc~tiol)

refractive index at tli~ C02 laser beam ran hr used

qup and is called

thr gradient ill

to deflect a seco[)d

probe laser beam such il’~a helium Ilponlaser, iiil(l tilt’ Clf’flpctiol]call~Ip

10mpasured with a dual pho[odiode. A devicr to arromp]ish this is show[l

in Fig. 6. A C02 laser is modu]ated by a slot,tc(lwh(’cl.1. A hrlium

nuon laser hram travels parallel and adjticentto tll(’C02 followins th(’

g(*rrndlliumbeam Comhlnpr, 2 A 15-rm cr]l lillcd with ilir and vuryillg

p~rti;llplessurex of absurbrr Causes drfl(’~tibi,of 1)1(’llc]illmllt~ol)bf~ilm

with a lcvrr arm, L, of i!m(’t(’rs,A 11,’,lrnstol),3, of pyrcx prev(’n[s111!’

C02 ]as(.rfrom d;imngin~ LII(* pl](,lot!jo(l(’. ‘1-11(’du:it I)holodiodi’has tw~l

Filiuon phoLudiodr~ with :1nllrrcwRtl])1)(’twrrtltll(’m arid l)dldIl(t’d so 111:11

a sm.111motion of thr HrNr SI)ot off 01 rf~rlt(’rwil] llr(ldll~ea EiRlla]ill

Lhr dii!(’rrllti~lilm]~lifirr.A sIIOLmolic)l]of 10
- ‘!

S]lllt [Ii:lmrtrrsL’;lllIII’

(Irtort(’d,
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ln Fig. 7 is seen the deflection signal observed for a C02 laser

input to the cell as shown. The average CCJ2power at a repetition rate

of 20 Hz is 0.1 watt. The absorber is DMMP at its room temperature

vapor pressure of approximately 1 torr, ❑ixed with 680 torr of air,

Varying the partial pressure of absorber by successive dilutions is

difficult because of absorption on the cell walls, however, Fig, 8 can

be obtained using Freon 12 as the absorber gas mixed with N2 gas at 76C

torr. Signal is determined from the peak of plots such as Fig. 7.

Focusing the lasers into the cell gives a larger signal than the colli-

mated brains. The latter measur~:ments have been multiplied by a factor

of ‘3 to place thcrnon the same sr..Ile.

In order to tbst thb effect of hjgl)crpowrr CO,,‘laserson th(I
.

signal, Fig. 9 WiiS plotted. The good st)aight line behavior suggrsts

th~l tl]cS(’nsilivityo!’th(’t(’chni(ju,’wi]] irn))r(lv(’wiL}l]]ighrrpowL’r

lasers.

This cx])crimrllt cau 1)(I rxLcf)~!cd10 iisillgle-cnd(lllremolr (Irtrl’tioll

m(’lh(l~l11 olltIr(’.lliz[’:,that ttl(”d(’i](’(’t(>(lillldg~’of Lh(I11(’~L’ :>I)oL Cilll ])(’

i]L il ldr~:(’1 ~n(] llK)l)lLf~l”Cd by 1111’PIIS Of ii t(’]L’h~’()~J(J With ii (Illd] phoio(ll(~(~f””

at t.hrfocus. Such a dcvicr is shown in l:ig.10. l%r modulaLiol] 01 ttl(’

(~02 l;l!i(’1”il}ll)(’dim:+ flS ii hl(~llllltll P(1 Hi(lt. ion ()! 111(’ 11(’N(’ lil:; (’r %])ot (Ill tllf ’

rock. ‘ltli~c’x])(’rim~.1111):1S111!1’1)]Il!l”f(lrl:i(’(1ill;11;11)ill)ll]ll”I)\)(’s [() tl(’

r(wut k:ll)ly illfi(’llsltiv.’to [I)(LslllJ;il(lrLIu~:l\ll(Is:;()!Lll(Ir[)[k, l;orl1111-

dl(’1}”,(:(;,,lil:~!’1:;(I])Isl,itI’ill;Iwill(lok”)11tlltI;]tmll!:]~tl(’11(’Iril!]:;llll:;:;l(~ll
.

11,1:’
SI)f. (’ll”ulll Wll(.1”(1 tllf’1”[’ ilrf’ t(’ti Illf(’111’till)::11~:.ollll’1:~ll~ltIlrill 1~ l))”(’:; (’111 . ,

all(l (Ilf ’y al’1 lill~’tlllltlllll’OVI’I il Wl(ll’ r;lll~t,ill]!! :Il”(m ill:ill rlfi{i[llll,

As p.lrl[)1i) [.( JIILriI(”t , W(S ]\iiv(* NIS(J drv(’lolwll .111 Uppdl”illu!i rlll”

nll~lsllrill}: I,l:;[’t-i’i(lll[i’(1 llIl(It f~:. If II Iffs, ‘1’111’ mll~llilll. i:), ;II llIisIIIl , II
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research instrument built for maximun flexibility and is shown in Fit. 11.

It consists oi a pulsed nitrogen laser at 3371 ~ which pumps a tunable

dye laser in the green to orange region of the spectrum. The dye laser

is frequency doubled in a nanlir!earcrystal to provide a source of

tunable ultraviolet light.,which excited the sample. The fluorescenc~

is picked off from the side and focused into a monochrometer. A photc-

multiplier tube detects the pulses of light, and a boxcar amplifier

averages Lhe resulting electrical pulses for a st.ripchartreco’der to

display. Data is displayed as a function of either the cxciLation

wavelength (determined by the dye laser) or the emission wavelength

(dctcrmincd by the monochromeLcr setting). Because of the extremr

sensitivity of this apparatus, even part-per-million im~juritiesin the

liquid samples have been shown to give erroneous results.

In summary, both the opto-acoustic and thermal deflection tt’clini(lu(’s

sho”~high potent-iolfor use as point or remote detrctiun mrtllocisi.ItLlltI

part-pcr-mil]ion levclm The next slrps in the program will be to PXL(:R(I

thr work LO thv chemical agents and Lo rirvelopallOptitniil set of w:lvr-

lengths for agent identification illiII_(’ill world environment. The

lasrr-jndllcedfluor(!srrncrtl’rhniqurrrcluirpsfurthrr tt’stil)gon purifi(’(1

xtinlllJ(’s,
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Figure Captions

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9,

Fig. 10

Fig. 11

A survey of various techniques for producing tunable lasers.

Chemical agents and simulants.

The infrared absorption spectrum of neat liquid OSP, and C02
laser emission lines which could be used to fingerprint the
}resence of OSP.

A conceptual design of an opto-acoustic cell for chemical
detection.

A conceptual design of a system for remote chemical detection
using the opto-acoustic effect.

The apparatus used for theraal deflection experiments on trace
chemicals.

The time-resolved thermal deflection signal as observed on an
oscilloscope.

A plot of signal versus concentration obtained by successive
dilution of a gas sample. The experiment was performed both
for focused laser beams and for collimated laser beams.

A plot of thermal deflection signal strength versus C02 laser
power incident on the cell.

The apparatus used for quasi-singll’ended remote detection
by thermal deflection. At the forus of the telescope is thr
dua: photodiode which monitors deflection oi the llellumNeon
spot on the rock. In lab tests the sensitivity is similar
to the apparatus of Fig. 6.

The laser apparatus for producing and detecting fluoresccnrr.
Spectra may be takeu as a function of excltatio~l~i{veletlgth
or as a function of emission Wavelenfith.


